We hear all the time of natural resources which cannot be exploited because of the high costs of extraction. If you think back a few years to when oil prices were low and the only place to get oil was from drilling sites on land, then oil prices soared and off-shore drilling became financially viable. A similar pattern occurs with most of our natural resources, as the price goes up so the marginal deposits become an economic option.
The exploitation of a natural resource generally means mining the 'ore', concentrating the component we are interested in and then selling it in a concentrated form to the industry that will use it. Industry then packages it up and sells it to millions of users around world, so our valuable component which was concentrated in a natural 'ore' is in this way spread thinly around the globe. In this state it is difficult to recover it economically for re-use.
In the waste industry we experience this problem in two ways -on the one hand, we try to keep the concentration of harmful compounds low before we introduce our treated waste back into the environment. On the other hand we have potential resources in the waste which we know could be very valuable but they are found at such a low concentration that their extraction may not be attractive financially. So in the waste industry we have two roles, both striving against the principle of entropy increase; one as the guardian of a material potentially hazardous to the environment and two as an entrepreneur to exploit the thinly distributed resources contained within our 'ore'. In a limited world with human communities experiencing exponential growth, both in terms of population and resource-consuming economy, 'upcycling' our waste, namely returning them back to the material flows in the economy in high value uses, in a cradle-to-cradle approach (Braungart and McDonough, 2009 ) may prove crucial for our sustained existence.
Organic waste, the oldest waste-stream arising from human communities, offers a fertile ground to exploit these ideas. Organic or biodegradable waste -the preferred term in European Union (EU) policy -encompasses food and green waste, forestry and agricultural residues, animal waste, biosolids and sludges, as well as paper, cardboard and natural textiles and is usually present as a component of most waste streams. Although the fundamental composition of organic waste, with a few exceptions such as paper, has not changed much since pre-historic times, its quantity has grown and continues to grow exponentially, as a result of both population growth and increased affluence.
This year the world's population exceeded 7 billion people, who on the average are better fed than any other time in world history, as demonstrated by the over 35% increase in the per capita agricultural production index in the period 1961-2005. Increased food production also means increased quantities of agricultural residues, manures, food processing sludge, as well as vast quantities of perfectly edible food, wasted at various stages of the supply and consumption chain in many parts of the world, as recent surveys in Europe and the USA have demonstrated.
Organic waste has major potential impacts on the environment, the most prominent relating to uncontrolled greenhouse gas (GHG) emissions, mainly methane, when disposed of on land. Abatement of climate change is the main driver for the complex EU regulatory framework, demanding treatment for organic waste. However, the importance of public health impacts and nuisances, more local in nature but of immediate perception and consequences should not be underestimated or forgotten, especially in less developed countries.
On the other hand, organic waste also has considerable promise as a renewable source of recycled materials and energy, such as compost, digestate and methane. In addition we have the more innovative biotechnology applications that produce materials such as hydrogen and other industrial precursors of fuels and plastics. However, before investigating potential routes for 'upcycling' organic waste, the environmental and economic benefits from their prevention should be examined.
Prevention of a significant fraction of organic waste, especially food waste, seems to be feasible in the affluent and wasteful parts of the world, providing both economic and environmental benefits. Although systematic investigations in different countries are lacking, the results of a comprehensive study by Waste and Resources Action Programme (WRAP) UK, are staggering. They suggest that in the UK 6.7 million tonnes of post-consumer food costing €19 billion are thrown away each year. Of that, 61% was truly avoidable and another 20% potentially avoidable! The environmental benefits from food waste prevention are also impressive: WRAP estimates that for every tonne of food waste avoided, around 4.5 tonnes of CO 2 -eq. are avoided, corresponding to a monetized benefit of about €120.
Waste prevention has always been the highest step of the waste hierarchy, but as it is less visible and difficult to measure, it has remained low in the real-life priorities of waste management authorities and the awareness of the public, alike. The EU Waste Framework Directive (2008/98/EU) is set to change this, through the requirement for specific national waste prevention strategies and the notion that statutory prevention targets might be implemented in the future. This is expected to further move the waste management paradigm towards prevention in the developed countries, even beyond the EU borders, although we cannot help wondering if the economic crisis will not do that beforehand.
Moving to the next options, reuse and recycling, most organic waste materials are ideal for closing the materials loop, returning 'Upcycling' organic waste in a world of thinly distributed resources nutrients and organic matter back to the soil. Let us illustrate these ideas in the case of phosphorus (P), an element essential to all life, crucial to sustain high crop yields and for which there is no known substitute in agriculture.
Until recently the prediction was that estimated P resources would peak by 2035, which would have a major impact on agriculture as we know it. When this is considered in the context of around 2 billion people in the world currently not getting enough food and the population predicted to grow from around 7 billion today to 9 to 10 billion by 2050, then the supply of phosphate is a key issue. Although the most recent estimates of global phosphate rock reserves have been revised upward, moving the timeline of expected depletion, this does not change the fundamental issue, that the supply of cheap and easily accessible P is limited and this limit affects food security.
Agriculture alone currently uses around 17 Mt year −1 of P from phosphate rock. To this, an estimated 12 Mt year −1 of P from manure, crop residues and sludge should be added (Figure 1) . However, the amount that is applied is far in excess of the amounts needed by the plants, with only a fifth of it finally contained in the food consumed globally, the rest being lost somewhere in the chain from mine to fork. The availability of phosphate rock has led us to ignore the reuse of phosphorus in our main waste streams; human excreta, manure, crop residues and other food waste. The annual production of these waste streams by year 2050 would contain over 25 Mt of P, which could theoretically cover needs in agriculture, if combined with high P use efficiency (Cordell et al., 2011) , indicating that a cradle-to-cradle scenario for meeting longterm agricultural P demand in a sustainable manner is possible.
In addition to the environmental drive, to recover materials from waste there also has to be an economic incentive which, in the case of phosphorus, was seen to be a diminishing global supply that would push the price up. However, the recent reappraisal of the available phosphate rock reserves may weaken such economic incentives in the developed world, where the need for prevention of the pollution of water-bodies and other waste policy priorities may prove more important for the promotion of P recovery. However, the high costs of fertilizers in less developed countries result in much lower use, severely restricting the productivity of agricultural land, where it is most needed. Development of efficient low-cost solutions and continuing education of farmers/local communities in safe exploitation of organic waste can prove crucial for providing the necessary P for feeding the world's poor today, while a wide array of 'upcycling' technologies will likely be necessary to feed our increasing population in the near to mid-term future.
A major scientific forum to debate the multifaceted topics of organic waste management within the interrelated concepts of resources conservation, closing the loop and up-cycling is offered by the ORBIT Conference series. This special issue contains a collation of papers presented in the ORBIT 2010 Conference, held in Crete, Greece, complemented by a selection of related papers independently submitted to Waste Management & Research. The collation is intended as a sample rather than a cross-section of the wide research field on organic waste management with a non-exclusive focus on the resource potential of organic waste in an increasingly resource-limited world. ORBIT 2012, to be held in 12-15 June 2012 in Rennes, France, aspires to provide a new opportunity to deepen the scientific discussion on the ideas tackled above.
Figure 1.
A cradle-to-cradle scenario for meeting long-term agricultural P demand in a sustainable manner (reproduced from Cordell et al. (2011) with permission from Elsevier).
